This study reports data from a larger number of cases of triceps tendon disruption. Records from 10 veterinary referral hospitals between 2003 and 2014 were searched for canine and feline cases diagnosed with triceps tendon disruption, based on orthopaedic examination confirmed during surgery. Long-term follow-up and owner satisfaction were assessed using a questionnaire. There were 13 cases of triceps tendon disruption diagnosed across seven hospitals (nine dogs, four cats). Trauma, history or presence of a wound, surgery in the region of tendon attachment or corticosteroid treatment preceded triceps tendon disruption. Radiographic signs or histopathology suggestive of a chronic tendinopathy was common. All cases underwent surgical repair involving a tendon suture pattern, 12 of which were secured through bone tunnels. Immobilisation was used in all cases in the form of transarticular external skeletal fixation (TAESF) (8/9 dogs) or spica splint (four cats, two dogs; in one dog a TAESF was applied after complications associated with the spica splint). Complications occurred in 11 cases (17 total complications), frequently associated with the immobilisation method. One case had traumatic tendon rerupture two years following surgery. A wound at presentation was associated with the development of multiple complications. Nine cases had long-term follow-up; five achieved normal function, four achieved acceptable function. Despite the complications, overall return to subjective normal or acceptable function, as assessed by the owners, was achieved in the majority of cases.
Introduction
Disruption of the triceps tendon is a rare condition in dogs and cats. Disruption can occur at the musculotendinous junction, within the tendon or as a tendon avulsion at the osseotendinous junction. 1 2 Tendon avulsion is when the tendon pulls away from the bone, sometimes accompanied by a small bone fragment. It is important to differentiate this from an olecranon avulsion fracture with an intact triceps tendon. To date, 11 cases (2 cats, 9 dogs) of triceps tendon rupture and/or avulsion have been reported in the veterinary literature. [3] [4] [5] [6] [7] [8] [9] [10] A further case report was in fact a cat with an olecranon avulsion fracture. 4 Previous historical findings have been acute trauma, corticosteroid treatment or chronic lameness. Typical clinical signs are non-weight-bearing lameness, soft tissue swelling, pain on palpation and a transverse groove in the tendon. Mineralisation in the region of the triceps tendon attachment has been seen on radiographs and ultrasound in eight cases. [3] [4] [5] [6] [7] [8] [9] MRI findings have been reported in two cases. 8 10 Surgical repair is performed mostly with modified tendon suture patterns passed through bone tunnels. One case of chronic tendon rupture used a mesh graft to augment the surgical repair. 10 All cases received external coaptation in various forms ranging from a cast to an orthotic brace. The longest follow-up period was one year. 5 All cases were reported to have normal function at the follow-up period, however, one of these cases remained mildly lame. 7 There have been no reports of complications that have occurred postoperatively.
Triceps tendon rupture is also rare in humans. 11 12 Acute partial injuries are often managed conservatively but complete rupture is treated surgically, using transosseus tunnels, 11 followed by immobilisation in flexion. 13 A complication rate of 25 per cent has been reported, with traumatic rerupture the most common type and wound complications being uncommon.
11
Tendons heal slowly because they have a low metabolic rate and are relatively acellular.
14 They need to heal with considerable tensile strength without excessive scar formation to allow gliding function for limb movement. 15 In chronic tendon ruptures, the tendinous ends contract and atrophy leaving a wide gap occupied by fibro-adipose scar tissue, which needs to be excised before repairing the tendon. 16 This can make the tendon repair more challenging.
No large case series of triceps tendon disruption in the veterinary literature has been reported. The aim of this paper is to report data from a larger number of cases, with an emphasis on complications of treatment and long-term follow-up. The terms 'rupture' and 'avulsion' of the triceps tendon are often used interchangeably in the literature; in this study, the term 'disruption' will be used to encompass cases of tendon rupture and tendon avulsion.
Materials and methods
Medical records from 10 veterinary referral hospitals were searched for patients fulfilling the diagnostic criteria for the time period 2003-2014. Diagnostic criteria were canine and feline cases diagnosed with triceps tendon rupture and/or tendon avulsion, based on orthopaedic examination and confirmed during surgery. Data regarding signalment, aetiology, diagnostic findings, treatment and complications were assessed. Complications were grouped into one of three categories: 'minor' requiring no further treatment, 'major medical' requiring medical treatment or 'major surgical' requiring further surgery to treat. 17 Short-term outcome was assessed by veterinary orthopaedic examination. Long-term (defined as more than 12 months 17 ) follow-up and owner satisfaction were assessed using a questionnaire survey completed by the owner (online supplementary appendix 1).
Subjective function was assigned to one of three categories: normal function (restoration to activity pre-injury without medication), acceptable function (restoration to limited activity compared with pre-injury with and/or without medication) and unacceptable function (all other outcomes), adapted from Cook and others. 17 A Fisher's exact test was performed using statistical software (IBM SPSS Statistics V.22) to assess whether a skin wound at clinical presentation was associated with multiple rather than single complications for dogs that had problems following tendon repair.
Results

Signalment
Patients fulfilling the diagnostic criteria were found in seven out of 10 referral institutions. Overall 13 cases of triceps tendon disruption were reported; nine dogs and four cats. The dogs had a median age of eight years (range: 7-14.1 years). The median age of the cats was 4.5 years (range: 2.5-10 years). Online supplementary appendix 2.
History and clinical examination
Historical details associated with the triceps tendon disruption were recorded for all cases. There was a history of trauma (5/13), bite wound and/or abscess formation in the area of the triceps tendon (4/13), surgical placement of an intramedullary (IM) pin in the ulna in the region of the triceps tendon for repair of a radius and ulna fracture (2/13), and a history of having received high dosages of systemic corticosteroids over a period of time followed by an infected wound in the region of the triceps tendon (1/13). One case had no previous history of a problem associated with triceps tendon disruption. Online supplementary appendix 2.
Eleven of 13 cases presented with lameness; eight with acute onset lameness and three with chronic lameness (defined as slowly progressive lameness). Of the two cases with no recorded lameness, one case presented comatose, which meant it was not possible to assess its gait. The other case had no orthopaedic abnormalities on examination; triceps tendon rupture was only diagnosed during surgical debridement of an abscess. Ten of 11 cases were non-weight-bearing lame on the affected limb. Eight of 13 cases were unable to extend their elbow on clinical examination.
Pain in the region of the elbow (12/13) and soft tissue swelling (11/13) were the most common findings on palpation. Five cases were found to have a transverse groove on palpation, representing a gap between the two ends of the disrupted tendon.
Diagnostic imaging
Craniocaudal and mediolateral radiographs of the elbow were taken in 12 cases. One case did not undergo any diagnostic imaging. In nine cases, the radiographs revealed either soft tissue swelling (6/12) and/or mineralised opacities proximal to the olecranon (6/12). In 3 of 12 cases, no abnormalities were detected on the radiographs. The olecranon appeared irregular in 2 of 12 cases (Fig 1) . Enthesiophytes were visualised on the caudal aspect of the olecranon in 1 of 12 cases. Online supplementary appendix 3.
In three dogs, in addition to radiography, the triceps area was examined using ultrasound before surgery. Complete tendon avulsion was confirmed in one case and partial rupture in another case. One case had abnormal fibre alignment, tendon swelling and mineralisation on ultrasonographic examination.
Treatment and surgical findings
All 13 cases had primary surgical repair of the triceps tendon.
Ten cases (six dogs, four cats) were found to have triceps tendon avulsion. Three dogs had ruptured the distal triceps tendon. Disruption was partial in three cases and complete in five cases. In five cases, it was not stated whether the disruption was partial or complete. Debrided scar tissue was submitted for histopathological analysis in one case and revealed chronic tendonitis. Online supplementary appendix 3.
All surgical repairs involved a tendon suture pattern, 12 were secured through bone tunnels in the olecranon (tendon-bone sutures). The remaining case had a direct tendon repair (tendon-tendon sutures). Three tendon suture patterns (or modified versions of these, in which the tendon is anchored to the bone through one or more bone tunnels) were used with the 3-loop pulley or modified 3-loop pulley being the most commonly used (7/13). In 12 cases, concurrent paratendinous repair was reported.
All 13 cases had elbow immobilisation postoperatively. Transarticular external skeletal fixation (TAESF) was the most frequently applied measure of immobilisation, and was applied to dogs (eight/nine dogs) (Fig  2) . The length of time the TAESF was left in situ ranged from four to eight weeks. Three type 1a TAESF and five modified type 2 linear TAESF constructs were used. Two cases had a removable connecting bar enabling intermittent passive physiotherapy to be performed by the owner with replacement of the bar afterwards.
Six spica splints were placed (four cats, two dogs). In one dog, the spica splint was replaced after 12 days by a TAESF due to skin necrosis caused by the splint, in the five other cases the spica splint was maintained for three to four weeks.
Complications
Complications occurred in 11 of 13 cases (three cats, eight dogs). Four of 11 cases had more than one complication. A wound at clinical presentation was associated with multiple complications (P=0.02). Overall, 17 complications occurred, 15 were classified as major, requiring medical (5/17) or surgical treatment (10/17). Two complications were classified as minor, requiring no additional medical or surgical treatment to resolve. One of the most common complications was pin tract discharge (5/8 TAESFs), all of these were classified as major, with four requiring surgical treatment involving pin removal, replacement or complete TAESF removal. The remaining case was treated medically. There were four cases of discharging wounds (4/17), one at the surgical site and three away from the surgical site. All of these were major complications. One of these cases was treated medically with open wound management, the remaining three required surgical intervention, such as debridement and primary wound closure. Three of these cases had presented with an infected wound on the elbow. Two cases developed skin necrosis secondary to the spica splint (2/6 spica splints, all dogs). Both were classified as major complications, one was managed medically, and the other case required surgery for primary wound closure. Complications in eight cases were associated with the method of immobilisation (two cats, six dogs) (9/17 total complications)(table 1).
Follow-up
Information about short-term outcome was available for 10 cases (4 cats, 6 dogs), assessed between 6 and 32 weeks in the cats, and between 6 and 14 weeks in the dogs. Findings included muscle atrophy (7/10), reduced range of motion (7/10), pain on elbow palpation (1/10), mild or moderate lameness (6/10) and tendon thickening (6/10).
Follow-up of subjective function was available for 12 cases (four cats, eight dogs). Eleven cases (four cats, seven dogs) returned to acceptable or normal function during the follow-up period. One dog had unacceptable function perioperatively due to the development of a major medical complication. The dog developed nonweight-bearing lameness and pyrexia six weeks after surgery and was hospitalised for treatment. No other complications had been noted with this case and it was lost to further follow-up.
Long-term follow-up of subjective function (defined as >12 months 17 ) was available for nine cases, between 1.2 and 8 years postoperatively. One dog became nonweight-bearing lame following a slip two years after surgery, which was thought to be due to an incomplete tear of the tendon repair because there was a small gap in the region of the tendon repair on palpation and the dog could extend its elbow. This dog improved with conservative management but was still lame at last follow-up. Five of nine cases achieved normal function and four achieved acceptable function.
One cat, achieving acceptable function, suffered an ulna and radial fracture on the same limb one month before triceps tendon rupture, and subsequently also fractured the right calcaneus, and later partially ruptured the gastrocnemius tendon.
Discussion
A possible cause or contributing factor for the triceps tendon disruption was identified in most cases in this study (12/13), this was either as an acute incident or up to five years previously. Trauma (five cases) and prior corticosteroid use (one case) has been formerly reported as possible inciting causes of triceps tendon disruption. 3 4 6-10 Corticosteroid treatment whether given systemically or via tendon infiltration has been widely associated with cases of tendon rupture including triceps, biceps and common calcaneal tendons. [18] [19] [20] [21] Presence and/or prior history of a wound (five cases) or previous surgery (two cases) in the region of the triceps tendon as possible inciting causes have not been reported previously. These factors may negatively affect the mechanical properties of the tendon by disrupting collagen fibre alignment, thereby interfering with collagen fibre elongation and interfibrillar shear, 22 and therefore the tendon might be more susceptible to rupture even under a normal physiological load. 23 In the two cases that underwent previous surgery, tendon injury was suspected to have resulted from the proximal tip of an IM pin in the ulna. Careful surgical technique by placing and bending the IM pin away from the tendon attachment should be employed to minimise the risk of this complication
Evidence of a pre-existing tendinopathy, diagnosed as mineralised opacities in the area of triceps tendon insertion on radiographs or ultrasound examination, or with histopathology, was observed in sevenof 13 cases in this study. Imaging features of a chronic tendinopathy has been identified in previous reports.
3-9 Two of our six cases had radiographic evidence of mineralisation but no reported previous problem or chronic lameness. Mineralised opacities are likely to occur through dystrophic calcification stimulated by previous or repetitive trauma with disturbance of the tendon blood supply. 24 Therefore, it is possible that these two reportedly acute cases either had a chronic underlying disease process or the clinical signs were subtle and had been overlooked. Histopathology is needed to confirm the pathology; chronic tendonitis was diagnosed histologically in one dog in this study with chronic lameness, this patient had no significant findings on radiographs or ultrasound. Hence, absence of mineralisation on diagnostic imaging does not rule out a chronic tendinopathy.
In the present study, triceps tendon avulsion occurred more commonly (10/13 cases) compared with distal triceps tendon rupture (3/13 cases). Three cases in this study were found to be a partial triceps tendon disruption. These were subsequently repaired surgically. In humans primary surgical repair is indicated with complete triceps tendon rupture to restore functional extension strength to the elbow, 25 but non-surgical treatment for partial triceps tendon rupture has been described. 26 It is not known, if conservative treatment may be effective in canine and feline patients with a partial rupture.
The data in this study are not suitable to compare the different surgical techniques used to repair triceps tendon disruption, but demonstrated an overall trend to use a tendon suture pattern, particularly the 3-loop pulley and its modified version (7/13), secured through bone tunnels (12/13) with polyproplyene or polydioxanone suture material. The available data are also not appropriate to demonstrate a clear advantage of one method of immobilisation over the other, but there seems to be a tendency to use spica splints in cats and a TAESF in dogs for three to eight weeks. Custom-made orthotic braces, as used in one recent case report may offer a viable alternative, 9 but more data would be needed to confirm this.
In previous case reports, only one complication was documented, a non-weight-bearing lameness at eight weeks following splint removal in a dog. 5 In our study there were a high number of complications (11/13 cases), with several complications requiring medical and/ or surgical intervention. It seems that many of the complications in this study were related to the immobilisation method. In the triceps tenotomy study in dogs by Dueland and Quenin, 27 immobilisation was not used postoperatively, but these cases were controlled surgical transections with an immediate surgical repair. Due to the relatively small number of cases in this study, it is not possible to make firm conclusions but it did appear that there were fewer complications in the cats where a spica splint was placed, compared with the dogs with a TAESF placed. This highlights that early recognition and treatment of complications secondary to TAESF is very important, 28 and the associated importance of informing the owner about the possible risk and the signs of these complications. Only one case had failure of the initial tendon repair and this is likely related to the development of a multiresistant infection postsurgery.
In our study, there were 12 cases with follow-up information. Following limb immobilisation, muscle atrophy, lameness and reduced range of motion were frequent findings in this study, similar to previous reports. 5-7 10 Two cases with a removable connecting bar to enable passive physiotherapy had only a mild reduction in range of motion recorded at 8 and 12 weeks. Both of these cases achieved normal function by six months postsurgery. Three previously reported cases were found to have a successful outcome following controlled increase in range of elbow motion after a period of rigid immobilisation. 9 10 Early mobilisation should be encouraged as it places physiological loads on healing structures, reduces intra-articular adhesions and helps orientate collagen fibres along the lines of stress while increasing tensile strength of tissues. 29 Gradual remobilisation enables increases in joint range of motion while maintaining the stiffness of articular cartilage. 29 The use of a TAESF with a removable connecting bar assisting gradual remobilisation of the elbow in dogs is an area that may warrant further research.
Nine cases had long-term follow-up of more than one year, this is longer than previously reported. All cases achieved a good outcome; five normal function (two cats, three dogs) and four acceptable function (one cat, three dogs). The main complication reported in human literature is rerupture of the tendon repair. 11 30 This was documented in one dog in this study, with a partial tear following a slip two years after surgery. This dog responded to conservative management, but remained lame at the last recheck three months postsurgery.
The small number of cases and the retrospective design are the major limitations of this study. These problems need to be considered when interpreting the results. In order to obtain maximal case numbers for this rare condition, a multicentre approach was employed. Due to this study design, there are different time intervals for assessing short-term outcome. Three cases were lost to further follow-up.
This report documents the complications and outcome of a large number of cases following repair of triceps tendon disruption in dogs and cats. In addition to trauma, the use of systemic corticosteroids, history and/or presence of a wound and surgery performed for fracture repair in the area of tendon attachment can precede triceps tendon disruption. Diagnostic imaging suggestive of chronic tendinopathy was a common finding in this study, whether or not there was a history of consistent clinical signs. However, absence of mineralisation does not rule out a chronic disease process and histopathology is necessary for confirmation. Surgical repair with modified tendon suture patterns using the olecranon as an anchorage point was the main form of primary surgical repair. Subsequently, limb immobilisation was achieved via spica splint or TAESF for a minimum of three weeks. Complications were common, and generally required medical or surgical intervention. There was one case of tendon rerupture. A wound at presentation was associated with the development of multiple complications. Despite this, overall return to subjective normal or acceptable limb function was achieved in most cases.
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